The theory of transport processes in polymer solutions, including hydrodynamic interaction between segments of the polymer chain, has been developed extensively along lines originally indicated by Kirkwood and Riseman. 1 2 They applied the Oseen approximation3 4 to the "pearl necklace" model of a polymer. That approximation is equivalent to the assumption that each monomer is a point source of friction in the solvent.
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One of the steps in the calculation of the transport coefficients is the solution of a set of equations of the form N 1 Gkm = bkm-X E _ Gm1
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F~k where N is the number of monomer units in the polymer, a lies between zero and Unlity, and the parameter X is a measure of the strength of the hydrodynamic interaction. Several approximate techniques" [5] [6] [7] [8] [9] [10] are available for the solution of Equation (1). With the exception of DeWames, Hall, and Shen, none of the authors cited seems to have noticed that the matrix associated with equation (1) is singular for values of X within the range of physical interest (although it is clear by looking at some approximate solutions that there must be singularities).
It is the purpose of this paper to locate these singular values of X for all values of a in the limit of large N. We will show further that the singularities are not a result of passage to the limit N-o a), but appear for small finite N as well. This will be shown first by direct numerical computation and then, for large N, by a general argument based on the theory of Toeplitz forms.
One consequence of these singularities, for example, is that the translational diffusion coefficient of a rigid rodlike polymer can become negative for some values of X. Such behavior is in contradiction with the laws of nonequilibrium thermodynamics. One must conclude, therefore, that the use of equation (1) 
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The hydrodynamic interaction strength X is X = P/87rfb,
where q is the viscosity of the solvent, b is the distance between adjacent monomers, and v is the friction constant of a single isolated monomer.
If the friction constant is described by Stokes' law, then r is given by
where a is the radius of a monomer; and then X is X = 3a/4b.
If, further, we suppose that the monomers are touching, then b = 2a, and X = 3/8. But, as is well known, Stokes' law may be correct only in order of magnitude for objects of molecular size. So we expect that interesting values of X can range from 10-1 to 10.
The components of the diffusion tensor, DI, for motion in the direction of the rod, and D1 for motion perpendicular to the rod, are given by
where S(X) is defined as the sum of the k(X), As N increases, the number of positive singularities greater than X, increases, and these become densely distributed for values of X greater than Xj( O ).
The reason for the appearance of these singularities is simple. Solution of equation (3) requires inversion of the matrix Ckl = k1 + X(1 ak 1 (10) Ik-lK Whenever this matrix has a zero eigenvalue, the inverse Gkm does not exist, and C is singular. The matrix C has N + 1 eigenvalues, and so there can be N + 1 values of X for which an eigenvalue can vanish. It turns out that about one third of the singularities occur for negative X, and the remaining two thirds for positive X. Having seen by direct computation that singularities can occur, we now present an argument that identifies the location of the lowest positive singularity, in the limit of infinite N, for the more general equation (1).
This equation, with a = 1/2, occurs in the theory of transport processes in solutions of random coil polymers. The parameter X is no longer given by equation (4), but still it may be expected to be of the order of unity for physically interesting cases. The special value a = '/2 corresponds to a Gaussian random coil; other values of a (between 0 and 1) correspond to noa-Gaussian behavior, due either to stiffness or to excluded volume effects.
The possibility of a singularity (for a = '/2) has been noticed already by DeWames, Hall, and Shen.'0 Their argument is somewhat different from ours, and they did not locate the precise value XI of the lowest positive singularity.
As in the special case of the rigid rod, calculation of Gkm is equivalent to inversion of a (N + 1)th-order matrix,
Because the subscripts range from 0 to N, and because C depends on only the difference k-1, C is a Toeplitz matrix."3 The distribution of its eigenvalues can be found from standard theorems. What we will do is locate the lowest eigenvalue, in the limit of infinite N, and then find that value of X for which this eigenvalue vanishes.
To any Toeplitz matrix one can associate a function f(0) such that 1 r2V
Ck-1 = f d0f(0) exp i(k -1)0.
In our case, the functionf(0) is cos 'nO f() = 1 + 2XZ a (13) nl n Because of symmetry, we can restrict attention to 0 < 0 < 7r.
Let m be the "essential lower bound" of f(O), i.e., the largest m for which f(0) ) m, except on a set of measure zero. Let M be the corresponding "essential upper bound." (In the present instance, M is infinite.) Then, according to a theorem given by Grenander and Szego,13 all eigenvalues of C are distributed in a regular fashion between m and M; and in the limit N co, the lowest eigenvalue approaches m.
By use of the integral representation -= F() f dt t-le-nt, (14) we find that EZ = Z Jdt t , (15) which implies that The special case a = 1 can be handled either directly or by expansion of ¢(a) about a = 1. As stated earlier, we find the limit given in equation (9) .14 For the Gaussian random coil, a = '/2 and XI = 0.827. In Figure 2 , the limiting X1(a) is plotted as a function of a.
In conclusion, we repeat that the solutions Gkm(X) of equation (1) On the other hand, the apparent success of approximate solutions of equation (1) 
